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ABSTRACT : 



PURPOSE: To obtain an optical fiber drawing method capable of decreasing the 
fluctuations in the outside diameter of an optical fiber and an optical fiber drawing furnace 
capable of realizing this drawing method. 

CONSTITUTION: This optical fiber drawing furnace includes a furnace core tube 14 into 
which a preform 13 for the optical fiber is fed from an opening 23 at the top end and from 
the bottom end of which the optical fiber 22 is led out, an inert gas supplying means which 
passes an inert gas from the opening 23 at the top end of this furnace core tube 14 toward 
the bottom end, a heater 15 which encloses the bottom end of the preform 13 for the 
optical fiber across the furnace core tube 14 and melts this preform by heating, and a 
furnace body 12 which holds this heater 15 and the furnace core tube 14. The furnace 
core tube 14 has a cylindrical part 24 which exists upper than the position opposite to the 
part fused by heating of the preform 13 for the optical fiber and has a specified bore 
corresponding to the outside diameter size of the perform 13 for the optical fiber and 
tapered cylindrical parts 25, 26 which exist on the lower side of this cylindrical part 24 and 
have the bore made smaller nearer the lower side. 
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(57) imm] (57)[SUMMARY] 



[OBJECT] 

%7t4 y«D^V^^Wi^ «fc 0 4> The optical-fibre wire-drawing method that can 
?^<-t" ; 5-^^"C : ^ ; 2)^ :7 7'-^ decrease the fluctuations in the outer-diameter 
s<m5\Jj&&£TfiZ<Dlfi&\j?&; of an optical fibre, and the optical-fibre wire- 
%%1&\,%2>%7 T 4 '*ffl$\1F drawing furnace which can materialize this 
^S#^i -; 5o wire-drawing method are provided. 

[fg j£] [SUMMARY OF THE INVENTION] 

±$&M P2 3^b*77^^ffl A furnace core tube 1 4 by which an optical fibre 

MUl 3*s2l«3ii*tLS^*l- 22 is pulled out from a bottom end while the 

T)$ifrh%7 r 4 s<2 2 /0 s 3 1 # preform 13 for optical fibres is fed in from an 

tti&jh/SJF'Mf 1 4 £ % rcD^p opening 23 at the top end, an inert gas 

,fr<g: 1 4 <D±$BHB P 2 3 i)> h T supplying means to pass an inert gas toward a 
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^^fttfT^f£t£;#;*3:#frt" lower-end part from the opening 23 at the top 

yFffifetf^W&^&t. end of this furnace core tube 14, a heater 15 

1 4 &fS\\z.8kAs~eyt'7 T 4 '*F& which encloses the bottom end of the preform 

1 3 (DTiMSriaif for optical fibres 13 across a furnace core tube 

r;ft,£AnftfcMfc£-t!:5 t— * 1 14 and melts this by heating, and a furnace 

5 ts :©t-^l 5i 'jF'fr^ body 1 2 holding this heater 1 5 and furnace core 

14k 1 2 k & tube 14 are equipped. The furnace core tube 14 

1411 %yr^( has a cylindrical part 24 which exists upper than 

s<mmttl 3 (DM^MB.^^- 1 the position opposite to the part fused by 

©fcj-lRjffcff <fc t) fc-b^KH&tt heating of the preform 13 for the optical fibre 

U ^o)t7T^^fflWl 3 and has a fixed bore corresponding to the 

(D^-^Tf-fe k ftfo Lfc— ^(Drt outside diameter size of the preform 13 for the 

'&<DF\WiU 2 4 k. ^<DHWiU optical fibre, and the tapered cylindrical parts 25 

2 4<Z5TW-'f£1BU-CI*a^i& s T and 26 which exist on the lower side of this 
WSif/htlt&ofc'T-— ^fSgP cylindrical-part 24 and have the bore made 
2 5, 2 6k &^i~Z> 0 smaller nearer the lower side. 
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mmt&oi&m] [claims] 



m*m. 1 1 [claim 1] 

5t7T^^ffl*tt05Tffi$RS:*P A optical-fibre wire-drawing method, in which 

WMM&^&^T' y~7b N the step which melts the bottom end of the 

MWfeM\^KL%7 r 4 preform for optical fibres by heating, the step 

©T^^7 t^^£Mc#J which continuously pulls out an optical fibre 

Id 3 1 # UtH""* "T" y ^ £ * from the lower end of the preform for heat fused 

)t77^ ^fflfttfOT^ £ - optical fibres, the step which passes the bottom 

(7))t7 7^^ffiW©TiilS^t end of the preform for optical fibres, and the 

B I # !ti $ ti/fcft '^t&T optical fibre pulled out from the lower end of this 

MiJiS^ffa^^/h^ < ftofcT" preform for optical fibres through the tapered 

s<%\z. : &*r?> ; 7-y-?b.^ tube which has the bore made smaller nearer 

^(DT— ^isi©±^!6^TS the lower side, the step which passes an inert 

|?P^lR]lt"C^fiH4j{f ^ 3f$£i~^ gas toward the bottom end from the upper-end 

T yT'b&MtZ.ft. - b %W$ib part of this tapered tube were equipped. 

[«*^2] [CLAIM 2] 

y-~-s<fgift% ; tfifrhZ>^fffi&Jf^ A optical-fibre wire-drawing method indicated to 

<Dffi&t±, r©T-^OT* Claim 1 , in which the flow velocity of the inert 

WZb*T&i< 4ot^5I i: £^ gas which flows inside a tapered tube is made 

l^iri-Sft*^ 1 l-faSLfcft faster nearer the lower end side of this taper 

7r>f'**HI;£ifeo tube. 

[ft*3S3] [CLAIM 3] 

v"— /^f)C9_b$§ b A optical-fibre wire-drawing method indicated to 

©3t7 r ^^OiSI^EdS 3mmK Claim 1 or Claim 2, in which the diameter of the 

itfc^r b%W$Lb1rZ)fn$i optical fibre of the part opposite to the upper 

m 1 £ fcteftJ&JS 2 l-lBic bfc end of a tapered tube is 3 mm or more. 

[f**^4] [CLAIM 4] 

ii^^^b^t^ r >f ^JE-StftJ&SiH A optical-fibre wire-drawing furnace, in which a 
i*tnTS*J&*b3te7 furnace core tube into which the preform for 
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r-f # ffi cSftS^'hW optical fibres is fed from the upper end, and 

t. ^(D , )F>\j> { g<Dm^±.>$iM* from the lower end of which an optical fibre is 
k^iSTflSlFBfcftttT^S'lfetf pulled out, an inert gas supplying means which 
* £r#fci" 7£t£&tfx&&^&- passes an inert gas toward an above- 
£ N mJfB^'il^^^t-^A/X'Hfl mentioned bottom end from the above- 
T -Y ^^■©^©TftSfR*' mentioned upper-end part of this furnace core 
ESt? <h*l-3LH5:Anift^Si$-t±" tube, the heater which encloses the bottom end 
jt-^i:, r. cot— ^ t buIE of the above-mentioned preform for optical 
IF't^ t £ -ifc£f"t" Z>')Pt$t Sr^r fibres across an above-mentioned furnace core 

tube and melts this by heating, and a furnace 
ItfJfSilP'kWte, ^(DTi^^bubS body holding this heater and above-mentioned 
%~7 r A ;<j%Wtyi(DW^MW$& furnace core tube are equipped. 
#£*iTS]i"5a\ fcSWStfrfE The above-mentioned furnace core tube has 
'^WWi<Dl&WfeWS& the cylindrical part the lower end of which exists 
fttcDttfaiiLUX V i>±.jylzfiL the position opposite to the part fused by 
fU ^oitui23£"7:r-f ^ffl"© heating of the above-mentioned preform for 
#<£>*MH-ife£ StJ&b fc— optical fibres, or upper than the position 
1*^09 FUtfgflir „ opposite to the part fused by heating of the 

r (PRffiSBOTttH^fifclS Ltrt above-mentioned preform for optical fibres, and 
&&TW*}?'h&tteo1Z.T— which has the fixed bore corresponding to the 
y<WiU t &^-i~Z> - t t outside diameter size of the above-mentioned 

•f53fc7 y A s^-Wh^o preform for optical fibres, and the tapered 

cylindrical part which exists on the lower side of 
this cylindrical-part down side and has the bore 
made smaller nearer the lower side. 

[ft*^5] [CLAIM 5] 

"r— ^MWFiffil-te , TWS A optical-fibre wire-drawing furnace indicated to 

ifTOvhS^^ofcP^^ Claim 4, in which the nozzle which has the bore 

Ix£tK ZL<DQ&<D[ki&<D^:ik made smaller nearer the lower side is protruded 

^it tfrfS^—^ISiSff^rt^KE^ in the lower end of a tapered cylindrical part. 

\YM t PI 5 v^i-tttW The variation rate of the bore of this nozzle is 

i^iS^^tLTV^^r £<SriKMS set into the same as the variation rate of the 

1 1-5ff2fc*S 4 tdfEgc L>tz.%7 bore of an above-mentioned tapered cylindrical 

r^^^VPo part, or higher. 
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[»*«6] [CLAIM 6] 

P ^fi-^H g #a s #£ 'J "TIE"? fe A optical-fibre wire-drawing furnace indicated to 

5 i;^k^^— /<fai$pii*Mx"t"j|f Claim 5, in which a nozzle can be divided itself, 

flftBT£&"efc5- ££43MS£i"5 and can be made detachable to the tapered 

f»*3®5^S5*febfc)t7T^^ cylindrical part. 



[19*^7] 

/<mW> <D T > X % 7 T << ^ 



[CLAIM 7] 

A optical-fibre wire-drawing furnace indicated to 
Claim 4, in which a tapered cylindrical part 
consists of the first tapered cylindrical part 
which mainly encloses the part fused by heating 
of the preform for optical fibres, and the second 
tapered cylindrical part which mainly encloses 
an optical fibre following the bottom of this 
tapered cylindrical part. The variation rate of the 
bore of an above-mentioned first tapered 
cylindrical part is made larger than the variation 
rate of the bore of this second tapered 
cylindrical part. 



8 ] [CLAIM 8] 

^— c^x — <^teJ£& t CD-r — A optical-fibre wire-drawing furnace indicated to 

s*ffi&b<D8ffiiUftkttfa~$~Z> Claim 7, in which the diameter of the optical 

^ftOft? 7 4 3 fibre of the part opposite to the connection part 

mm J6JLtT?fc5w t &W$t.k-r of the first tapered cylindrical part and the 

5ff^3S 7 icfS^b i'%-7r^ second tapered cylindrical part is 3 mm or 



[CLAIM 9] 

A cylindrical furnace core tube into which the 
preform for optical fibres is fed from the upper 
end and the lower end of which is closed with 
the bottom board, a tapered tube which 
penetrate the center section of the above- 
mentioned bottom board of this furnace core 
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ISft 7 7 4 /^JB W^TjM t tube and has the bore made smaller nearer the 
y$\*\-$-Z>bMz.T$&fr i 3%7 T lower side, and the upper-end part of which 
4 ;<j!)>tj\% ttiZfcZ'r— '*fft exists opposite to the bottom end of the above- 
^ mentioned preform for optical fibres and from 

mtZ')P>b^<V±$%MfrbmtZ'r the lower end of which an optical fibre is pulled 
—stffiiDTi/SM&XTfWlU&'b out, an inert gas supplying means which passes 
*&<DTi&Ulzj&&\s1zJfx$Flti an inert gas toward the bottom end of an 
p din] ttX^fefeJ?^ SriSfi-t"^ above-mentioned tapered tube and the exhaust 
ffiferf ^Wi&^fkh , outlet formed on the bottom end of an above- 

ffjfS^P'L^*5<J:tJ ? BUl5^— '*fSi mentioned furnace core tube from the upper- 
<D 5 %'p-f£< 1 1> lift IB:!? 5 end part of an above-mentioned furnace core 
?%\^h;~Qw\t£%7 7 4 tube, a heater which encloses the bottom end 

tf(DTi$j$V>&Wltst&lz.Z.ti%: of the above-mentioned preform for optical 
^PfWiit^-ttS fc— 9 fibres across at least the above-mentioned 

- ait—? t HufB^'^W t SflfS furnace core tube out of an above-mentioned 
"r— y<Wi t &i&W-tZ)1Ffct Sr furnace core tube and an above-mentioned 
McZ-fc^t %W&h1rZ>%7 T taper tube which melts this by heating, and a 
4 '*W&\1Fo furnace body holding this heater and above- 

mentioned furnace core tube, and an above- 
mentioned taper tube were equipped. The 
optical-fibre wire-drawing furnace characterized 
by the above-mentioned. 

[fit^lO] [CLAIM 10] 

s<W}<DTi%5Kte. TWZ ¥ A optical-fibre wire-drawing furnace indicated to 

ft^^/h^ t ft o tc P Claim 9, in which the nozzle which has the bore 

&ti> r CDP^OF^tf^-ffc^ made smaller nearer the lower side is protruded 

teffjffi^— /<ffi<Dfo%<D&ik& in the lower end of a tapered tube. The variation 

fc3V^^:tU^_h&c rate of the bore of this nozzle is set into the 

B£^£*i/0^r b&W&t'f- same as the variation rate of the bore of an 

SKSjftiS 9 icfEfc \^tz.%7 7 4 above-mentioned taper tube, or higher. 

\mim. \ 1] [CLAIM 11] 

P fen^th g ij pTBb"Cfo A optical-fibre wire-drawing furnace indicated in 

S^^T-^ii^ttiBii Claim 10, in which the nozzle can be divided 



2000/02/18 



8/37 



(C) DERWENT 



JP8-91862-A 



DERWENT 



RTte-CfeS ^ £ I'SSt itself, and can be made detachable to the taper 

MlOCEitfc)t77^^ tube. 



[DETAILED DESCRIPTION OF INVENTION] 



[0 0 0 1] 



[0001] 



[jMis-L^'Jffl^] [INDUSTRIAL APPLICATION] 

)t7 7-f/^ll This invention relates to the optical-fibre wire- 
Wi&'Pte< yJfc&yt? r 4 drawing method which may decrease the 

£Xf^(D$t3\fr&&^ fluctuations in the outer-diameter of an optical 

it#?)3fe77^/^l^tl fibre and the optical-fibre wire-drawing furnace 

% o which can materialize this wire-drawing method. 



[0 0 0 2] 



[0002] 



t M3- 2 4 4 2 

1 #IBBS 5 9-88 

3 3 6 ^Jkmm^m^ Ztltch 



[PRIOR ART] 

The general optical fibre for information 
transmission is obtained by melting the bottom 
end of the preform for optical fibres of a 
diameter of about several centimeters the cross 
section of which has a similar figure to this 
optical fibre and continuously drawing this 
melting part downwards. 

As the optical-fibre wire-drawing furnace 
which heats the bottom end of such a preform 
for optical fibres, what was indicated in the 
Japanese-Patent-Publication-gazette No. 3- 
24421, the unexamined-Japanese-patent-No. 
59-88336 gazette, etc. is well known. 



[0 0 0 3] 



[0003] 
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- 2 4 4 2 1 For example, as shown in the diagram 3 
-^^fcHH^ftifcSe^ft^ showing the cross-section of the conventional 
T-Y^^l^^fSlft^^l - optical-fibre wire-drawing furnace indicated in 
m 3 «fc 5 ^ Br8ft# 101 the Japanese-Patent-Publication-gazette No. 3- 

3&srtgpt^*a^ii*tbfc^fls: 102 24421, A furnace core tube 104 into which the 
fctt* )t7 7-f^fflM 103 A* preform for optical fibres 103 is fed, a annular 
t£ V) iA^ttS'JP'C-^ 104 h^Z. heater 105 which encloses the center section of 
<Z>*F'Mf 104 OEp&gB&ffl^ this furnace core tube 104, and melts the 
%y T << 103 tf)T#£ bottom end of the preform for optical fibres 103 

gR^nf^Bt^-frSJt^t-- by heating are assembled in the furnace body 
9 105 t ^Ifi^tttt bH"CV^ 102 in which the heat insulating material 101 
5 e Z.<D')Fifc102 <D±.$h was built into its inside. 

^^±1*] # &-^B&£tifcAP Moreover, the inert-gas supply apparatus not 
<£|FR 106 <Z>_titSa^HS5^t^ ^ illustrated for supplying inert gas, such as 
A P^ij5 10 6 Sr^U-CJF'Mf helium and nitrogen downward in a furnace 
101 rtl-Ttfil^t^^^^ core tube 1 01 through the inlet-pipe part 1 06 is 
g^^co^^tt^^^r^pi - ^ assembled in the upper-end part of the inlet- 
fcfc<©ig^U&V^8H4;*f;*#; pipe part 106 protruded upward in the upper- 
iS&i£B* s jffi.^ i H"*t feHtV^. end centre of this furnace body 102. 
£ llF^ 102 (Z>T«S t t 1 *^ Furthermore, it is the condition that a 
RfaM££rft"t"n& 107 cylindrical nozzle 107 was protruded downward 

fp] # £ tLfc^fli t/iot in the lower-end centre of a furnace body 1 02. 

:fct) , :©P^ 107 ©TWIP An optical fibre 109 is pulled out from the 
108 j&>e>3t7 7^f 109 lower-end opening 108 of this nozzle 107. 

[0 0 0 4] [0004] 

104 Mia A PflfP A furnace core tube 1 04 id constituted of a large 

106 ^t"C3t77-f^fflS cylindrical part 110 into which the preform for 

tf 103 as^ii^frS^Rtai optical fibres 103 is fed through the above- 

£15 110 t, ±.iffifr^ (D^RtM mentioned inlet-pipe part 106, a tapered 

110 fc:gM&U a>oTW£^l*3 cylindrical part 111 the upper end of which 

^/K#i:^ot)t77^^ffl connects to this large cylindrical part 110, and 

103 tf)T!TO£iai^— which has the bore smaller nearer the lower 

✓•sfSfgp 111 ±^^^<D"r— side and encloses the bottom end of the 

y<mU 111 cDTW-$^i"3 preform for optical fibres 103, a small cylindrical 
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i^^Ti^^BfjfEP^ 107 co part 112 the upper end of which connects to the 
±Sffifcg§8H"5'M 3 3fSiSB 112 lower end of this tapered cylindrical part 111, 
i:f fSfifc^tLf V>5 0 and the lower end of which connects to the 

upper end of the above-mentioned nozzle 107. 

[0 0 0 5] [0005] 

#£of , jpfc 102 rtfiBJff&t!" Therefore, the inside of a furnace body 102 is 

101 l:: J: officii. JF'fr^ 5 retain heated with a heat insulating material 

104 Pi\z.m*) &1ZtiZ>yt7 r 101. 

103 <£>TB&gBttu - Heat melting of the bottom end of the preform 

(D'pfc 102 ^t-^ 105 \z for optical fibres 103 fed in a furnace core tube 

J; of finWi&M&fr. %7t4 104 is carried out at the heater 105 in this 

/< 109 £&of 107 coT furnace body 102. 

$SISn 108*^5l#W$HSo It becomes an optical fibre 109 and it pulls 

* fc, tfS'Mf 104 (E>±#/&> £>#fe out from the lower-end opening 108 of a nozzle 

j&£;h,3^iSi4#*K<fc*3f > 107. 

104 ftri^fiH^itf Moreover, the inside of a furnace core tube 104 
H^'t5jM^£*b> 104 CO is kept with the inert gas supplied from the 

K-ffc&BS C i: *l!i* 5 'i> < i t 104 upper part of a furnace core tube 104 at inert- 
cOF^^ff^-^o £ 9 bf gas atmosphere. 

rco^F^tt;*^^ While preventing the oxidation of a furnace 

*g 104 corti^® ^ %y T A core tube 104, it keeps the inside of a furnace 
ffi-gr^t 103 £5 <£ tFft 7 r core tube 104 clean. 

109 co^j^ffi i: co^coPf |HJt£ This inert gas flows downward along the 
f&of T*"^SEtb, 107 co clearance between the internal-circumference 
TiffiM P 108 /^<b:T£M-$Ctij surface of a furnace core tube 104 and the 
£ti%, 0 preform for optical fibres 103, and the outer 

circumferential surfaces of the optical fibre 109. 
It is released outside the furnace from the 
lower-end opening 108 of a nozzle 107. 

[0 0 0 6] [0006] 

r. co £ o il^'klr 104 7 The flow of the inert gas along the bottom end 

TAs<%ntf 103 cof!$|^#: of * he preform for optical fibres 103 in heat 

Cftot J&f2i"<5 r. t l£«fc t> , melting condition becomes stable by thus 

Jpfl&^BMfcl&l-fc'Sft^ r 4 forming a furnace core tube 104 along with the 
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103 cDTSMl-^fc outline shape of the preform for optical fibres 

7Ff%'&tf*<D%Ltiifi&%.tte 103. 

V) , §|# ttJ^H^Tt^ T 4 The fluctuations in the outer-diameter of an 

WmmWl^mtV optical fibre pulled out, a bending tendency or 

te&S^ffc^&WiSW"*-^ 5 on-the-strength degradation, etc. can be 

-e£5 0 suppressed. 



[0 0 0 7] 



[0007] 



4* 



ij^^Ap 3 - 2 4 4 2 1 

^\ ^M0§5 9-8 8 3 3 6f 

£ * ft * s 9 < 

So 



[PROBLEM ADDRESSED] 

At the optical-fibre wire-drawing furnace 
indicated in the Japanese-Patent-Publication- 
gazette No. 3-24421, the unexamined- 
Japanese-patent-No. 59-88336 gazette, etc., it 
is made to suppress the outer-diameter 
variation, the bending tendency by the uneven 
residual stress, or the strength degradation of 
the optical fibre by adhesion of a dust floated in 
the furnace etc, by passing an inert gas in the 
state of a laminar flow along with the preform 
for optical fibres, and an optical fibre. 



[0 0 0 8] 

^teo^tb^lSLTft^fr^ 



[0008] 

Incidentally when connecting to multiple optical 
fibres mutually through an optical connector, 
the hole, the groove, etc. for passing through an 
optical fibre need to be formed on the ferrule of 
an optical connector. 

In this case, the dimension of these holes or 
a groove is set into the dimension 
corresponding to the optical fibre of the 
maximum outer diameter, considering the 
variation of the outside diameter size of an 
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For this reason, if the optical fibre of the 
minimum outer diameter is installed to a ferrule 
when permissible dimension width is set up 
widely, corresponding to it, a cardiac 
discrepancy will become so large. 

It is connected with increase of a connection 
loss. 



[0 0 0 9] 

_L3& b^#^¥ 3-2 4 4 2 1 
-5§-4M$^K mm 5 9-8 8 3 

£fb"C±0. 5 m mJ^rt^PUx. 
}3±0. 2 /z r. 

4 '<m\*fp £ h o -c ur t> * fc 



[0009] 

At the conventional optical-fibre wire-drawing 
furnace indicated in the above-mentioned 
Japanese-Patent-Publication-gazette No. 3- 
24421 carried out, the unexamined-Japanese- 
patent-No. 59-88336 gazette, etc., it was 
possible to have restrained the fluctuations in 
the outer-diameter of an optical fibre within (+/-) 
0.5 micrometre to a reference-standard outer 
diameter. 

However, it is difficult to restrain, for example, 
within (+/-) 0.2 micrometres. 

As for this cause, the flow of the inert gas in 
alignment with the preform for optical fibres, 
and the optical fibre is still unstable even with 
the optical-fibre wire-drawing furnace of the 
above-mentioned structure, and it can be 
considered that the unstable flow of this inert 
gas has influenced on the fluctuations in the 
outer-diameter of an optical fibre. 



[0010] 



[0010] 



<D g #J] [The objective of invention] 

&$&W<D g fate, %yy4^<D The objective of this invention is to provide that 
Wi % X *0 'P t£ < & - t the optical-fibre wire-drawing method which can 
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^T*#5)fc77^/^I^Sfc decrease more the fluctuations in the outer- 

XXfZ. (D$lL3\jjj&&M%L M#5 diameter of an optical fibre and the optical-fibre 

%7 T -f /*jH3l# J <SrilS0W' ; 5 - wire-drawing furnace which can materialize this 

t\z.fo& 0 wire-drawing method. 

[0 0 11] [0011] 



[WkM*M®:~rZ>fr#)<D^Wz] [SOLUTION OF THE INVENTION] 

$:$&VftK£.Z)i&—<Dte1f&l'£^ % In the first form by this invention, the step which 

y 7 ^ ✓<ffi©*ttf>T*i&gP£:An?S& melts the bottom end of the preform for optical 

X7"y 7° WfrM fibres by heating, the step which pulls out an 

Si Vtcjt7 r -< ^fflft^^TJS optical fibre continuously from the lower end of 

frh%7 T -4 '^-^Mttfl^^^ the preform for fused optical fibres by heating, 

{±J-f * T y7°h^ %7t4 the step passed the bottom end of the preform 

TflBgR t n <T>%7 7 >f for optical fibres, and the optical fibre pulled out 

ffl-a#WT*8**£>9l#ffl&*b£: from the lower end of this preform for optical 

)t7r^/^^T*i](J^^ fibres through the tapered tube which has the 

3&S/h£ < t£i1tr7— ^ffi&Cai-t" bore made smaller nearer the lower side, the 

*T v 7°b > - ©f- /<ffi<D±. step which passes an inert gas toward a bottom 

*8!H$fl»e>T8&!HH-ftttT^fl^ end from the upper-end part of this tapered 

# * &'M~f~^7- ry7°k%:Mc7Lti tube are equipped. 

r^#f itS^T^f^i It is the optical-fibre wire-drawing method 

3l#}5fcli:fc5o characterized by the above-mentioned. 

[0012] [0012] 

itufE^— SrSfcix Here, it is desirable that the flow velocity of the 

S^fg-fetf .xofcfE^f*, - ^ inert gas which flows in the inside of an above- 

— /^<7)ituiET^W5^< ft mentioned taper tube is made rapider nearer 

otl^rH s i^t<> the above-mentioned lower-end side of this 

7"— A*iai0>fl&fB_tSg£MlR]1"3 taper tube. 

g&#0>#TlB3te:7 r -< /*<DW&& It is effective that the diameter of the above- 

3 mm £X±~?&Z> r t jW8tJT? mentioned optical fibre of the part opposed with 

5 o the above-mentioned upper end of jajaper tube 

is 3 mm or more. 
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[0013] [0013] 

— *|SW^«k5^— O^ti In the second form according to this invention 
it, ±3f&frb%7 T 4 on the one hand, the furnace core tube into 

tfsg! t> £ #l-T*S5&* b which the preform for optical fibres is fed from a 

Sfe^r^f /■*/& s 3l#ttl£*b ; 5# 3 'h upper end and which an optical fibre is pulled 
<gbs - (D-)P'\L^(Dmt&±)CU out from a lower end, an inert gas supplying 
/5>ibiiufeT>$&H-ftttT^?£'l4 means which passes an inert gas toward an 
#*&iffi-r^?£t£#*W#B^ above-mentioned bottom end from the above- 
b , lldfEJF'fr'ff &Ht£#£A;"Ctfl mentioned upper-end part of this furnace core 
1^^.-7 7 ^ s<f%-&tf(DT)$i%$% tube, the heater which melts this by heating with 
mtst &\z~tL%1m%k¥&M& J & the heater which encloses the bottom end of 
5 fc — b. ^(DM — fb mllB the above-mentioned preform for optical fibres 
•m>L^ b 5 b&M: across the above-mentioned furnace core tube, 

x. N mW.fc'bWte. ^©TW&a 5 and the furnace body holding this heater and 
itfJfS^T^^fflSWOiPilfc^ above-mentioned furnace core tube are 
l&Uftkttfalr&fr* fcSV^te: equipped. 

jtufE^^T^^fflW-t^P^^ An above-mentioned furnace core tube, has a 
jl&ffi i ftt<0%tfa J &M.& V i>-tJ? cylindrical part the lower end of which exits 
mtfcttU i)>^Wtf£.yt7 r 4 opposite to the part fused by heating of the 
ffl-e^co^^^fe^^j-J^b^-— above-mentioned preform for optical fibres, or 
McDfH'&fDPlffi Ub , r. coRfj exists upper than the opposite to the part fused 
^cDTW^ML'^F^^T'fflJ by heating of the above-mentioned preform for 
fS^/h^&ofcT 1 *-- '-*MB£ optical fibres, and which has a fixed bore 
b&W&b-tzyt? corresponding to the outside diameter size of 
7 4 ^IBUFfcfc 5. the above-mentioned preform for optical fibres, 

and the tapered cylindrical part which exists on 
this cylindrical-part down side, and has the bore 
made smaller nearer the lower side. 

It is in the optical-fibre wire-drawing furnace 
characterized by the above-mentioned. 

[0014] [0014] 

w\^r— '-*13l8POT$ft Here, the nozzle from which the bore turned 

\ats TWteb*iH&&/b@kbte into the small diameter in the bottom is 

o P £ Z.(DQ<& protruded in the lower end of an above- 

(DftHtD^tsP^ftiJiS^— ^fifi mentioned tapered cylindrical part. 
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M(Dt*l%k<0$Efc&b IrJ & It is desirable to set the variation rate of the 

^te^n^ra^'S- 1 bore of this nozzle into the same as the 

j&s#*UV\, ro4&-g\ P^fis variation rate of the bore of an above- 

ZtiS fte&s$HPM^"C#> 5 £ * mentioned tapered cylindrical part, or more. 

s<ffiU\z.tt\sX%1!SiL»Iffe In this case, a nozzle can be made to divide 

irL"Ci^v\ itself and to be detachable to a tapered 

cylindrical part. 

[0 0 15] [0015] 

mZT—^ffiUftttiUyt Moreover, an above-mentioned tapered 
7 7 ^ ;<m&W<VjNBW-B.$V>ft cylindrical part consists of the first tapered 
%1£.b L-C|Sir^— <D"r— cylindrical part which mainly encloses the part 
Ut, Z.(D"T—^W\UV)T\^Wi fused by heating of the above-mentioned 
^-CBfJflE3te7 7"f preform for optical fibres, and the second 
Hti^— (D'r— stffiMkfrbti: tapered cylindrical part which mainly encloses 
9> Z.(D%ZL(D't— s<ffi$fc<D?i an above-mentioned optical fibre following the 
&<D$£ik&& V h TttjfBf?— <D"r bottom of this tapered cylindrical part. 
— s*ffi&<DWgL<D&.tt& i fc*.% The variation rate of the bore of an above- 
< X 0 U"C h - V> mentioned first tapered cylindrical part may be 
fS—O^—stffttiHtflS— ma de larger than the variation rate of the bore 
cD^— §13 £ <dW$LWj$ t M of this second tapered cylindrical part. 
[R]-t"£ ^ r ^OttS In this case, it is effective that the diameter of 

fl*3 mmEJLt-CfcSrtj&s^b the optical fibre of the part opposite to the 
X >&> & 0 connection part of a first tapered cylindrical part 

and a second tapered cylindrical part is 3 mm or 

more. 

[0016] [0016] 
* : S&WK&Z>MB<DteWtte> -t In the third form by this invention, the cylindrical 
<b % 7 T 4 V) furnace core tube the lower end of which was 

iA*tu5 t #t£TBSa s J&iR"C£ : closed with the bottom board while the preform 
j&sftfcRffitfc^JF'Mff t, - <£> for optical fibres was fed in from the upper end, 
mfo&<r>tR&ffl&<0*$M*1i the taper tube which penetrates the center 
t &lzfa&fi>TMfeb*/b section of the above-mentioned bottom board 
j&»o_kJftgBJ& s H&!E}te of this furnace core tube, has the bore made 
-7 7 4s<m&W<DT1&Mbtt\»\ smaller nearer the lower side, has the upper- 
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■TZ> h&^Tffifrbyty T J end part opposite to the bottom end of the 
# tH £ tiSr- '<f$ £ > fu above-mentioned preform for optical fibres, and 
fZm.b^<D±.}&M*bffitZ7-~- has pulls an optical fibre out from a lower end, 
stffiiDTffiUiS an inert gas supplying means which passes an 
©Wl-Mtfc^^#ffin inert gas toward the gas receptacle formed on 
^[pHt"C^FfS14^^^r?jiti"^f& the bottom end of an above-mentioned taper 
^jfxQkife^&t. ffirtSJF'frW tube, and the bottom end of an above- 
So .fcl/ituiB -7" — s<f8i(D o "h'Pte mentioned furnace core tube from the upper- 
< t tttjfB^P'L^^^l-^Ay-e end part of an above-mentioned furnace core 
fulfil 77^ <0 TiSlfP tube, the heater which encloses the bottom end 

£Bip£*l£-;h,&an!?&?$ift& of the above-mentioned preform for optical 
^ftt—p t , Z.(DM — $ bwi fibres across at least the above-mentioned 
fEJF'Mf £ tffiE"?— '^ftib&Vk furnace core tube among an above-mentioned 
n-^^'PW-t b%¥f furnace core tube and an above-mentioned 

f tt5)t77^/^l^tfe taper tube and which melts this by heating, and 
5 o the furnace body holding this heater and 

above-mentioned furnace core tube, and an 
above-mentioned taper tube were equipped. 

It is in the optical-fibre wire-drawing furnace 
characterized by the above-mentioned. 

[0017] [0017] 

E&IEx—^iai^TSSSl- Here, the nozzle from which the bore turned 

te> TWS^F^^'W^&o into the small diameter in the bottom is 

fcP^#^l££*U rcDP^fecD protruded in the lower end of an above- 

rt^CD^b^^Htjfax—^^co mentioned taper tube. 

fH'&cD^ik^tWl fc5 It is desirable to set the variation rate of the 

f«nW±!^t?>-^^S bore of this nozzle into the same as the 

*LV\, -W#-a\ P^fi^H variation rate of the bore of an above- 

g#ri s #$J pTH"C*>S t mentioned taper tube, or more. 
IBx— ^ffH-M LT^jMHE t In this case, a nozzle can be made to divide 

txfciv\ itself and to be detachable to an above- 
mentioned taper tube. 

[0018] [0018] 

r (D'XP'tsOfiHcD By the way, mean-velocity U in the arbitrary 
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-tee© 5 sp^si* u 

3 ®ElT<^^ r b%&MU&T t 

ffi.it £ Ut^^^ <b r / 2 fctt 

*L3 <Z> C ^ <t & < * 



positions in the furnace core tube of radius r is 
proportional to T/r2. 

Here, T is the absolute temperature of the 
inert gas in this arbitrary position. 

Radius r at 2 or 3 positions in a furnace-core- 
tube and absolute-temperature T are obtained 
practically. It needs to suitably set bore 2r of a 
furnace core tube so that mean-velocity U may 
be made larger nearer the lower side. 

In this case, absolute-temperature T of an 
inert gas has a distribution also in radial of a 
furnace core tube. 

However, it is sufficient when the absolute 
temperature of the point apart from the center 
by only r/2 is usually measured as mean 
temperature. 

In this case, since there is a possibility that it 
may become impossible to prevent that the flow 
of the inert gas in the part fused by heating of 
the preform for optical fibres which exists below 
this from disrupting, it is desirable to avoid 
setting the bore by the side of the upper end of 
a tapered cylindrical part or a taper tube into 
larger than required. 



[0 0 19] 



[0019] 



litm] [Effect] 

^F^tt^^^^tb^'F'^W^F^ If the flow of an inert gas exfoliates from the 

Jlffi/^ibfJgti~3 ^<DM\ internal-circumference surface of a furnace 

^^3I£:L-C?F}?H£:# *<Dtfi core tube, an eddy will occur on the outer side 

titf^f&fette&o #l-> and the flow of an inert gas will become 

^p^-e(D^*U?)f£jl^ig;T-t"6 £ unstable. 

0 te$ttiX*te. tiJ^i^Sw^-^ The sublation tends to happen by the flow to 

-f-V\, ^•ftqft^te. NWrtk?>P which the mean velocity within a furnace core 
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r tf>g|S#-Ctf>i&JI*ia s S8£ 

git fill I - ^ <7> ^ % ^ ffi ^ £ 



tube reduces especially. 

Specifically, the average stream flow of the 
inert gas which flows in the inside of the furnace 
core tube of a cylindrical shape does not 
change in the any point in alignment with the 
longitudinal direction of a furnace core tube. 
Since the temperature of an inert gas is made 
lower nearer the lower side of the furnace-core- 
tube to cause thermalshrinking, the mean 
velocity becomes slower nearer the lower side 
of furnace-core-tube. 

It becomes easy to generate the sublation in 
this part. 

Moreover, if the amount of convex-shaped 
bending part like a stop is in the internal- 
circumference surface of a furnace core tube, 
the discontinuous surface of a flow will occur in 
downstream side from this bending part. 

The sublation of an inert gas becomes easy 
to happen. 



[0 0 2 0] 

?i # as £ fhtz.%-7 T << ^ t £T 



[0020] 

According to the first form of this invention, the 
flow velocity of the inert gas which flows inside 
a tapered tube becomes faster nearer the lower 
end side of this taper tube, by passing the 
bottom end of the preform for optical fibres and 
the optical fibre pulled out from the lower end of 
this preform for optical fibres through the taper 
tube which has the bore made smaller nearer 
the lower end side, and by passing an inert gas 
toward a bottom end from the upper-end part of 
this taper tube. 

An inert gas flows, without exfoliating along 
with the internal-circumference surface of a 
furnace core tube. 
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[0 0 2 1] [0021] 

%7 r 4 '*f&&ft <r >Vd& Moreover, even if there is a little turbulence of 

tfyX^%&(DMWfcl&&ik\tt the flow of an inert gas in the part fused by 

(DtiHtMDgLtiifilgTIb heating of a comparatively thick diameter of the 

ott, Zzfr\^&Z>%7 T 4 '< preform for optical fibres, the temperature 

m&fttDm.g.&ikfc* ^<D%$& change of the preform for optical fibres by that 

kz&Yt T 4 can be disregarded since the thermal capacity 

^i^^i^fc&id^^H'S r. of the preform for optical fibres in this part is 

t&~?%Zo MWkK, ^m&# large. 

x<D%LtUZ.£'?Xft&&.Wi<0& The part thinner than about 3-5 mm in the 

m&^Lrt&^fe* %7t4'*J% part fused by heating of the preform for optical 

mX^MWfetikWtinte^ 3 fibres is actually influenced in the outer- 

~ 5 mm X «5 8Bl , »g|5#"Cfc5o diameter variation according to the turbulence 

of an inert gas. 

[0 0 2 2] [0022] 

^o-C, s<ffi<D±.)$hktt\»] Therefore, the outside diameter size of the 

-f- 5 ft 7 7 4 s<(DB.&fc preform for optical fibres will be in the condition 

3 mm U±. i: ft5 <k 5 "r— of hardly being influenced by the turbulence of 

s<ffi(D±v$ntyt7T'(' < mM an inert gas, by setting the relative position of 

Mfl)TSSi:©ffi^I*iS!^ the upper-end part of a taper tube and the 

r. £ l£ J: ?K )t77^ s<M bottom end of the preform for optical fibres so 

&&(Dj>\>&^rfete. ^EH4#.* that the diameter of the optical fibre of the part 

(DftJtifc «fc f5 £ A/ opposite to the upper end of a taper tube may 

ttftvv|fcfli£ ftSo serve as 3 mm or more. 

[0 0 2 3] [0023] 

— ■&9&ft<n%—V>T&WtZ. <£ On the one hand, according to the second form 

5 t, ^'M£<£>R13i8Btf>±W&a> of this invention, while feeding the preform for 

b^T'f^fflW^^* optical fibres in from the upper end of the 

*L5 k&^fe&tf*Wt£3 i & cylindrical part of a furnace core tube, an inert 

mot:^f<D±W^ gas is passed toward the bottom end of a 

t>^&Vpfo i g<DT1i&&lZ[*itfX furnace core tube from the upper-end part of 

^fiH^tf^asflfc^frSo t — 9 this furnace core tube by inert gas supplying 

^ioT^nfVitli-rSft^Txf means. 
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Till] f5 E'\^(Dy— ;<WiU £ ft 



At a heater, the lower end of the preform for 
optical fibres which carries out heat melting 
serves as an optical fibre, and is pulled out from 
the lower end of the tapered cylindrical part of a 
furnace core tube. 

The part of a furnace core tube opposite to 
the part fused by heating of the preform for 
optical fibres is the tapered part which has the 
bore made smaller nearer the lower side. 

The flow velocity of the inert gas which flows 
in this inside serves as the maximum by the 
lower end. 



[0 0 2 4] 

Z>£. ^f©±SA^Jt7 7 

^ m i s i£ y> & * * £ * 



[0024] 

Moreover, according to the third form of this 
invention, while the preform for optical fibres is 
fed in from the upper end of a furnace core 
tube, an inert gas is passed by inert gas 
supplying means from the upper-end part of this 
furnace core tube toward the bottom end of the 
gas receptacle and the taper tube which were 
formed on the bottom end. 

The lower end of the preform for optical fibres 
which melts by heating with a heater serves as 
an optical fibre, and is pulled out from the lower 
end of a taper tube. 

The bottom end of the preform for optical 
fibres, and the optical fibre which follows this 
are enclosed by the taper tube which has the 
bore made smaller nearer the lower side. 

The flow velocity of the inert gas which flows 
in this inside serves as the maximum at the 
lower end. 



[0 0 2 5] 



[0025] 
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[Hlfi^I] [Example] 

r >( One Example of the optical-fibre wire-drawing 

<73— HJfeWziol'^ furnace by this invention is demonstrated in 

flfitSr^H-IH 1 3r#f$bft^b detail, referring to diagram 1 showing the 

nmz-W8tfr*o cross-section. 

[0 0 2 6] [0026] 

BfffKtftl 1 36Spfcggp^*a^3i*tt In the furnace body 12 in which the heat 
fcJFffcl *77^^ffl insulating material 11 was built into the inside, 

1 3 tf s i£ t) j&^tiSJF'Mf the furnace core tube 14 into which the preform 
1 4 , r. tf^kW 14(DH for optical fibres 13 is fed, and the cyclic heater 
gR£rB^ )fe7 7>f^fflWl 15 which encloses the center section of this 
3 (DT$&U%:]N^¥&M£ J &Z>^. furnace core tube 14, and melts the bottom end 
^©t-^ i 5 k&1&.frHtfb of the preform for optical fibres 13 by heating 
*vCV>5o rc^^^l 2 are assembled. 

cD_h>W^:l-{^ RHJ#t£&1~ Moreover, the cylindrical inlet-pipe part 16 is 
Anf£Pl 6^_t[£]#ic^i££ protruded upward in the upper-end centre of 
nx&V, roAPfSPl 6© this furnace body 12. 

±&&&WZ. ^f£A P 1 The inert-gas supply apparatus not illustrated 
6 ^t-C^f 1 1 rtl-Tfr for supplying an inert gas, such as helium and 
^Jx-^MStfO^fSte nitrogen, downward in a furnace core tube 11 
5 fc«>0>®^bfc through the inlet-pipe part 16 is assembled in 
V # * #t*&S«* s *a^# the upper-end part of this inlet-pipe part 1 6. 

bfrX^Z* $ <b 1 Furthermore, it is the condition that an extended 

2©TS4'*tft TWi^i*3 tube 17 which has bore made smaller nearer 
igas/h&v^— A*tK&&"t"3S££ the lower side in the shape of a taper, and the 
m 7t, r <£>2£:S:fti 1 7<£>T nozzle 20 which has the bore made smaller 
S©7 7^^ 1 8^7^^^ nearer the lower side in the shape of a taper, 

1 9 &Mte&t> Zti&t while a flange part 19 is laminated on the flange 
TWSt* rtHdS/h^V^— ^JK: part 18 of the lower end of this extended tube 
£rft-*"P&2 0 irflS-RfO^fc^ 17 were protruded downward in the lower-end 
Wt&tiltVtWitteiXjs*) ^ r. centre of a furnace body 12. 
©p^20 (DT^i P2 1^f) An optical fibre 22 pulls out from the lower- 
)t7 7 /f^ 2 2&%\£ltt£tiZ> end opening 21 of this nozzle 20. 
X 0 H/io-Ci/^. 
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[0 0 2 7] [0027] 

#Hlfc^*3tt5iF'k« 1 4 The furnace core tube 14 in this Example is 
it ituiEARfSK 16^lt constituted of the cylindrical part 24 on which 
K? 7 l(s<mimi 3 #5* 9 3* the opening at the top end 23 into which the 
£ti6±*OTP 2 3 »J&£n preform for optical fibres 13 is fed through the 
fcRltl^ 2 4t. ±S&a s lOR above-mentioned inlet-pipe part 16 was formed, 
2 4 K Wu 2»oTW5 the first taper part 25 the upper end of which 
ZWmW®. bt£oX%7T4 connects to this cylindrical part 24, has the bore 
s<mWtfl 3<DT88SI5&ffiif8 made smaller nearer the lower side, and 
_^_ y ^ 2 5 encloses the bottom end of the preform for 

2 5 oT«St-««e optical fibres 13, the second taper part 26 the 
1-3 i: #l-TBBa s HfrfS^ffi 1 lower end of which connects to the upper end of 
7 0±iffitgit5f-T-^ the above-mentioned extended tube 17 while 
£B 2 6 k £ *i/t V ^ „ US the upper end connects to the lower end of this 

-■^ 2 6 JH® £ first taper part 25. 

If l 7 O^J^® £ tt, ^ As for the internal-circumference surface of 

-C-o^^-^BSr^-TSJ: the second taper part 26, and the internal- 

0 \z. r ttb WiSfeaJ^rt^ circumference surface of the extended tube 17, 
©fn©^#^^J^l mm the gap of the bore of these connection parts is 
6JlTl«J£3ix-CV^.=Eo-T\ set, for example, into 1 mm or less so that .t 
gE^ISi 1 7 —7"— 2 6 may form one taper surface collectively. 

t U r. (DM^ffi Therefore, the extended tube 17 is integrally 

1 7 1 4 £ tt formed with the second taper part 26. Naturally, 
fl|fifc1-S r i: FTte-t?*) it is also possible to constitute this extended 
3 0 Rm^24C0F^ji® tube 17 as a part of furnace core tube 14. 
tWsi-^-^ 2 6(DF *> Moreover, the inclination angle of the 
ji®<D«£^tt, internal-circumference surface of the second 

2 5©rtHiB©«ft^ taper part 26 opposing to the internal- 
2 0 <DftJI!®<7MfcI£^ £ «9 ^ circumference surface of a cylindrical part 24 is 
*Mz.&fe£tiX^Zo set broader than the inclination angle of the 
0 (DTi&m P 2 1 b»Uii 5 internal-circumference surface of the first taper 
>FEH4#*<D«6*«^ part 25, and the inclination angle of the 

£ o -C^W^^ p^20 internal-circumference surface of a nozzle 20. 
<Z)T^P R 2 1 1 4 The rate of flow of the inert gas which flows 

rtfc:A9&*&^<fc5l-Baift£ out of the lower-end opening 21 of a nozzle 20 
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nT^^^tLTV^So is decided considering so that atmospheric air 

outside a furnace may not seep in a furnace 
core tube 14 from the lower-end opening 21 of 
aTnozzle 20 by the flow velocity. 



[0 0 2 8] [0028] 

&3b\ ^-7-/^2 5^11 In addition, it is also possible to form the 

"r—s<U 2 6 SoXUM&ffi 1 7 internal-circumference surface of the first taper 

(DfHmmZft? T << Affl#fcri part 25, the second taper part 26, and the 

3 OT4S§P<^*P^Bt^^Wl extended tube 17 into a complicated curved 

$mmzttl& $*T«StJ&ft® surface, corresponding it to the outline shape of 

«J&-r 5:H RltBT 5 the part fused by heating of the bottom end of 

.js % ^ffiift^fi^fr^WMft the preform for optical fibres 13. 
R«|ffi-efflE/£'t"*U*£ t> However, it is sufficient if it is constituted with 

a simple conical surface practically respectively. 



[0 0 2 9] [0029] 

— &mMWfcisftZ> 2 On the one hand, the nozzle 20 in this Example 

0 ft, ^cDl&^ftt-ftoT" has the folding into two structure along with the 

o#J 9 tftotv^. b axial line direction. 

X, )fe7 7 xf^ffltttl 3&*& And, in case the drawing of the preform for 

3 1 S^-^&SSfif) 17^ optical fibres 13 is carried out, the nozzle 20 is 

f 3 p^2 O^^fCiB^, beforehand removed from the extended tube 

riD^?/^^!^! 3<DT 17. The lump of glass used as melting 

^frhmWs#Mht£^tz13y^ condition, in other words dropping seeds are 

o^O^i: Uffifc?? dropped from the lower end of this preform for 

t LT*&3lf£!££M*&l>rt:$L optical fibres 13. 

Pi20(D77^Sl9^I After starting wire-drawing operation, the 

Sf) 17W77 is 1 8 mil flange part 19 of a nozzle 20 is connected to the 

%£1rZ> J: o tttv^o^ t> s flange part 18 of the extended tube 17. 
SfcLSSrSST^-frSK^ In other words, the nozzle 20 is made into the 

& l^mtf Pi20 P 2 folding into two structure, so that this dropping 

Hz&ofrbft^&lfc-tZfc seed may not collide with the lower-end 

^ p^20 & ~o#j «9 f#3£ i: opening 21 of a nozzle 20 in case dropping the 

LTV ^ So dropping seed. 
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[0 0 3 0] [0030] 

^ot, Pfcl 2[HnWr^l Therefore, the inside of a furnace body 12 is 
Xi&M £ ti, fr'L^ 1 retain heated with a heat insulating material 1 1 . 
4 9 tJ'* The bottom end of the preform for optical fibres 

^1 3 <£>T$rate, rcD^ 13 fed in a furnace core tube 14 is melt by 
#1 2 t — ? 1 5iaot heating by a heater 1 5 in this furnace body 1 2. 
#nH£l§Ifc 3t77>f^2 2 It becomes an optical fibre 22 and it pulls out 
£fto"CP&20 (DTffiffl P 2 from the lower-end opening 21 of a nozzle 20. 
lrfpib3l#ffi£H5o fl 3 Moreover, the inside of a furnace core tube 14 

,jyfl 4<£>_b;#2&»P>#l#&&;tx£> is kept with the inert gas supplied from the 
/R3H4#* tio-C, JF'Mf 1 upper part of a furnace core tube 14 at inert-gas 
4rt3&s^£tt#-*#lffl^t£ifc£r" atmosphere. 

£3-1, 4 ©Ms & BSC While preventing the oxidation of a furnace 

tm^'L^ 1 4<DF ft 3^ ; Sr?ff^ core tube 14, it keeps the inside of a furnace 
[^oi o t"CV^ 0 rtD^F core tube 14 clean. 

EH4#.*rau JP-bf 1 4<Df*]j^l This inert gas flows downward along the 
mt%yr-< ^fflttl 3*5i clearance between the outer circumferential 
Xjtyt7 7 4 2 2 (D^-jlffi £: <£> surfaces of the internal-circumference surface 
P^<D|OT^oTT;frM*V of a furnace core tube 14, the preform for 
p ^2 0 <DTiM P2 1^f>^ optical fibres 13, and the optical fibre 22, and is 
*Mn£fettl£;h/3o released out of a furnace from the lower-end 

opening 21 of a nozzle 20. 



[0 0 3 1 ] [0031] 

r r. X\ ^SBW^gb^&P^S In order to investigate the effect of this invention 

1i.ibs 01 \^i~MMM\^^^ here, in the Example shown in a diagram 1, so 

RIM 2 4 *3 i^I- t 1 — that the part fused by heating of the preform for 

2 5 (D±i$s<Dfa'&% 9 0 optical fibres 13 in which the bore of the upper 

mm, E&a* 4 - 5 mm bfto end of the cylindrical part 24 and the first taper 

r-f^ffi-S** 1 3 <Dtlttf& part 25 is 90 mm and the diameter is 4.5 mm, 

fgf&ffift t „ W,— 7— 2 5 may be opposite to the upper end of the second 

(7)-f{^-^^^Z.'r—y<^> 2 6 taper part 26 which is the lower end of the first 

<D±M t ifittfairZ % taper part 25, it set the length of the first taper 

2 5 coS & (HI 1 ^ * part 25 (in the drawing 1 , the height in the up- 

±.Tjvft)<DM &) ^50 mm, down direction) into 50 mm, the length between 

f§-^r— /^ffl 2 6 (D±.$$frbM the upper end of the second taper part 26 and 
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SIS! 1 7 <7)T$§"£"Ctf>fi £ £ 6 the lower end of the extended tube 17, into 600 
0 0 mm, Pi20 $ £ 5 mm, the length of a nozzle 20 into 50 mm. 
0 mm fcSSJfcU Using helium gas as an inert gas, it supplies at 

tt^U !)A^7MU - a proportion of 10 litre/minute when this is 
0 °C, 1 ^JEE©«J!fS^fKt? converted by the standard condition of 0 degree 
1 0 V y b C and one atmospheric pressure. And drawing 
>vbteZ>& 0 ^fJ^"^^pi"S of the optical fibre 22 whose diameter is 125 
t 7 2 mm <D%7 T micrometres carried out at a proportion of 600 

4 /*f&W& 1 3 frh W&ft 12m /minute from the preform for optical fibres 13 

5 nm<D%7 y A 2 2 ^WtS whose diameter is 72 mm. 

6 0 0 m<Dp\&X*1&5\£ Lfco And, when temperature of the inert gas at the 
■t Ut, 7"—'^ 2 5 ©T lower end of the first taper part 25, that is, A 

fc>*>^z: "r~- y< ^> 2. 6 <D point 100 mm lower than the upper end of the 
±.M* b 1 0 0 mm ~fJf(DA second taper part 26, and, B point which exists 
*3 «fcl*r.<DAj&i&»£> 4 8 0 480 mm lower than this A point, and 20 mm 
mm ^olftfl I 7<D upper part than the upper end of the nozzle 20 

Tfl&'CfcS Pi20 (D±$&A>b which is the lower end of the extended tube 17, 
2 0mm±*l-tttt5B^ was measured, they were respectively 1550 
:}8tt 5 ^JSHfetf £SBJ£ degrees C and 810 degrees C. 

l,tcb 6 , ^ti^fo 1 5 5 Based on this result, it set 46 mm the bore of 
0°C, 8 1 0°C-C£>ofc 0 I© the lower end of the first taper part 25, i.e., 
> 0— 7 1 — 2 upper end of the second taper part 26. It set 30 

5 <75T4£i~ftfc>t>^z: mm tne - bore of tne lower end of the extended 

2 6 (D±.i$i<Dfa&%: 4 6 mm, tube 17, and the upper end of a nozzle 20. the 

M&ffi 1 7 <D T$h& it;P^2 bore of the lower-end opening 21 of a nozzle 20 

0 <D±.)$(Dfa ; @k%: 3 0 mm, P was set into 10 mm. 

^20 coTWM P 2 1 (Df*rt££ And, the place which drew a line in the optical 

1 0 mm ^s£^bfc 0 ^UT, fibre 22 on the again same conditions, the e 
J^tctcXPm^&ftX'ytyT-J outer diameter is 125 (+/-) 0.10-0.15 

2 2^r^§l#b^^^5, ^co micrometre, and it was able to store in very 
ft-fefc i 2 5 ± 0 . 1 0~0. narrow fluctuation width. 

1 5 (im^fbftt'XSV^i 

[0 0 3 2] [0032] 

&jb\ r. <Di§t^(D A^-C*cD^~ In addition, the bore of the second taper part 26 
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2 6 (Dfa'&fe 4 3.4 of A in this case is 43.4 mm. The bore of the 

mm, B &-C(D$$-7—'<U 2 second taper part 26 in B points is 30.6 mm. 
6Wrttli3 0. 6 mm Trfo The bore of the second taper part 26 on the 

t) , B j&ld^tt S^RStttf*. (O side of A point which has the same velocity as 

ffi&t*&&kl£Z>A&W<0%ir. the flow velocity of the inert gas in B point is 

^_^g|$ 2 6 0>rt3Sfi, A~B 39.8 mm when it is considered that a 

ffi<D^W;&%*<nii&)tiMM<Oft distribution of the absolute temperature of the 

^^#J^-e^{bbrv^ inert gas between A - B varies at an fixed 

k%%.fc& J &lz.l'£* 3 9 • 8 proportion. Thereby it is theoretically clear that 

mm bftZZtfrb* V the flow velocity of the inert gas in B point is 

h B ;&l£*5 3 ^flrtttf-* <£>iffi somewhat larger than that of A point. 

n t asaiBfe ft ^ 91 e> 

So 

[0 0 3 3] [0033] 

* fc, 3fc3893<E>St3fcJS 8 cD^jJH: Moreover, in order to confirm the effect of Claim 

SrflfeS&i" 5fc#>. Rf}^2 4 O 8 of this invention, the length of a cylindrical 

f^4 0mm LT^-r part 24 is extended 40 mm. the connection part 

— 2 5 t"— 2 6 of the first taper part 25 and the second taper 

t cD^Egfl^-^IH 1 (DtytW-fa h part 26 is lowered 40 mm from the condition of 

4 0 mm"Ftf"C3te7r'f'*2 2 a diagram 1. A line was drawn in the optical 

LfcJS&S:, *r£>fl^te fibre 22. 
125 + 0. 2 ~ 0 . 3/imt As a result, the outer diameter is set to 125 
fto-C^tMg/^it^'t'S- (+/-) 0.2-0.3 micrometre. It was found that 

^ijofco &3o% ^-(D^(DW>— *r fluctuation width increases. 
— /*g|S2 5 ^^Zlx— '-?$R2 6 In addition, the diameter of the part of the 

£<Ogaft!fR#£*ffti" i 53te7 7 preform for optical fibres 13 opposite to the 

^fy<mMWi- 3 <DMft(DW.& connection part of the first taper part 25 and the 

fi x 2 . 5 mmtfoofco second taper part 26 at this time was 2.5 mm. 

[0 0 3 4] [0034] 

JfctfctfJfc&l-ia 3 Furthermore, the conventional optical-fibre 

Lfct£3fc<D)t:7 r >C '^Sltf 5 * 1 wire-drawing furnace shown in a diagram 3 for 

•f^fflU HI 1 bfcmfe^J^ the comparison was used, and a line was drawn 

C^^t-T^t^ r 4 in the optical fibre 109 in the almost same 
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109«:*MI#Lfc. fc£U P conditions as the Example shown in diagram 1. 

& 107 *3<tTJ«/J-R1i5^H5 112 <D However, the bore of the nozzle 107 and the 

F«£ 2 0 mm fcKSfeU R£ small-circle cylinder part 112 is set as 20 mm. 

107 ©TBBBBn 108 (Dift'gL* The bore of the lower-end opening 108 of a 

10mm«tfc.-©^ nozzle 107wassetas 10 mm. 

#bW*7r^^ 109 ^ Consequently, it was found that the outer 

Stt, 125 + 0. 3-0. 4/z diameter of the optical fibre 109 obtained is 

mtDmm^Wl-fZ-tfrmo fluctuated within the 125 (+/-) 0.3-0.4 

+, micrometre. 

[0 0 3 5] [0035] 

m 1 Ktf LTcHWra*. ln tne Example shown in a diagram 1 , the lower 

tftf>TSB&ft*» 5 tf^-^fc: part of a furnace core tube was formed in the 
jfcj&LfcflS, JF'frW^B'Jtt^ shape of taper. 

However, a similar effect can be obtained 

#5 even if 11 uses tne taper tube other than the 

furnace core tube. 



[0 0 3 6] [0036] 

-<D £ 5 /i*^ia5^77 As shown in the diagram 2 showing the cross- 
4 s<md\&<Di&<Dmifem<D&i& section of the other Example of the optical-fibre 
mmzm-rm 2 l^-r £ 5 wire-drawing furnace by such this invention, in 
i^3 1^W«l«n the furnace body 32 by which the heat 
tcPfcZ 2 \a*. %7t4'^ insulating material 31 was built into the inside, 
mtf 3 3&m*> & R1W the cylindrical furnace core tube 34 into which 
(D&fotg 34^ : (Dr^f 3 the preform for optical fibres 33 is fed, the cyclic 
4 ©**»«ril3K %-7T<<* heater 35 which encloses the center section of 
Rim 3 3 (DT^^mmmm this furnace core tube 34, and melt the bottom 
$t5S^t-? 3 5 tms. end of the preform for optical fibres 33 by 
^ttttbft-CV^o :o heating are assembled. 

^3 2©±S^*l-lt Moreover, the cylindrical inlet-pipe part 36 is 

#&ft-f An«SB3 6^_tr&]# protruded upward in the upper-end centre of 
\z.9Z&£tiX& 1 9* r©APf this furnace body 32. 

$15 3 6 CD JhSSH^-te. The inert-gas supply apparatus not illustrated 

qfaS3 6^tt^f 3 4 for supplying inert gas, such as helium and 
rtKTfat^y ?J**?m.mm nitrogen, downward in a furnace core tube 34 
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(D^f?£ l &tf**W&1rZ)tcfr<D through the inlet-pipe part 36 is assembled in 

Lft v ^8H*fe#*{ft*&^» the upper-end part of this inlet-pipe part 36. 

mmtttf bfiX^Zo £ h Furthermore, it is the condition that the taper 

^3 2WT*W(t tube receptacle 38 which formed the gas 

iffiP 3 7 ^Tf^Lfc^-^W receptacle 37 was protruded in the lower-end 

g 3 8 & ftfc^li t ft centre of a furnace body 32. 

oTV^o rc7)^-/^^tt3 In the bottom board 39 of this taper tube 

8 <D&m°3 9 Kft, ±.m*ft? receptacle 38, the taper tube 40 the upper end 

y 4 3 3 (DTS t ttfa of which exists opposite to the lower end of the 

U a>oTW5 if^mmi^M preform for optical fibres 33, and which has the 

/>1-5^— ^ 4 0 ^ rcD ^ bore made sma,,er nearer the ,ower S ' de 
-/^f 4 OtolfcH"^— gradually, the taper connecting pipe 41 which 

*t£-r£o l-J&K 3 9 a>bTfa protrudes downward from a bottom board 39 so 

# l^tlitST^SIf 4 1 that it may have the shape of a taper following 

i:;W9ttttibftTl^5o this taper tube 40 are assembled. 

4 1 tfJTfcSfc^fifc The flange part 44 formed on the upper end of a 

£frtc7 7>"sM4 2 T tapered nozzle 43 with the bore made smaller 

ffiSUii? 'rt^'hS V^-'*j|fc£ nearer the lower side is connected to the flange 

3 ©±8&K:7£j£Ufc part 42 formed on the lower end of this taper 

yy-y 4 4 jS^j £ ft* ^ connecting pipe 41 . 

(O R & 4 3 OTiffiFI P 4 5 d> b An optical fibre 46 pulls out from the lower- 

^7 7 ^^46*S5|#UicFftS end opening 45 of this nozzle 43. 

[0 0 3 7] [0037] 

*^JI-*5»t5f-^f4 0 The inclination angle of the internal- 

(Dnmm<D*imftt, circumference surface of the taper tube 40 in 

Mf4 l<Dftmm<Dmmfttn this Example and the inclination angle of the 

^L<l£>££ftv ^ftb* 5 ^^ internal-circumference surface of the taper 

± tt- o<7}^— ^ffiSrTfcfifc^ connecting pipe 41 are set equal, 
a J: rftfew5£3feSP^^ The gap of the bore of these connection parts 

rt#tf>-Ffttf>*#$as. is set, for example, as 1 mm or less so that 

l mm UT\z.Wtl£&ftX^Z>o these may form one taper surface collectively. 
mm^-. f-^||f4 1^P Similarly, the gap of each bore of the 
& 4 3 £ (DiSlg^^-^-^ft^ft connection part of the taper connecting pipe 41 
l*]11(D-f ft<£>*# £ t>> and the nozzle 43 is set 1 mm or less. 
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1 mm J£Jt-n-B£j££*L"0 N 5° 
[0 0 3 8] 

0 ^7-/«4 1 t*WlM 

fc, 4 0 (DfaMM&yt 

77^ 3 3 WTW© 



To and, a previous Example and the previous 
said like The inclination angle of the internal- 
circumference surface of a nozzle 43 is set 
larger than the inclination angle of the internal- 
circumference surface of these taper tube 40 or 
the taper connecting pipe 41. 

[0038] 

In addition, another component constituted the 
taper tube 40 and the taper connecting pipe 41 
in this Example. 

However, these may be formed into one 
component and it may penetrate a bottom 
board 39. 

Moreover, it is also possible to form the 
internal-circumference surface of the taper tube 
40 as a complicated curved surface, 
corresponding the outline shape of the part 
fused by heating of the bottom end of the 
preform for optical fibres 33. 

However, it is sufficient if it is constituted of a 
simple conical surface practically. 



[0 0 3 9] 

#3 2rt<7)fc— 9 3 StvlioT 
^ffci&lft&tU *77^^4 6 
£&o-CP&4 3<Z)TSflP 4 

M^l-i^t, JP'^f 3 



[0039] 

Therefore, the inside of a furnace body 32 is 
retain heated with a heat insulating material 31 . 
The bottom end of the preform for optical fibres 
33 fed in a furnace core tube 34 is melt by 
heating by the heater 35 in this furnace body 
32. 

It becomes an optical fibre 46 and it pulls out 
from the lower-end opening 45 of a nozzle 43. 
Moreover, the inside of a furnace core tube 34 
is kept with the inert gas supplied from the 
upper part of a furnace core tube 34 in an inert- 
gas atmosphere. 
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k&\z.jpfo 1 g3 4 0rt^» While preventing the oxidation of a furnace 
\zMo£ 5 ^UT^S,, core tube 34, it keeps the inside of a furnace 

fe&tf^tD— W*> r—'^St core tube 34 clean. 

^ 3 8©^WP 3 7frb1F A part of this inert gas is ejected out of a 
^lc#ttl JffeVktf*<Dffi furnace from the gas receptacle 37 of the taper 
V) tef 1 — 4 0 *3 it^T 5 — tube receptacle 38. 

4 1 (Dftmfc h%7T^ The remainder of an inert gas flows downward 
y<mmU 3 3*3^^77^^ along the clearance between the internal- 
4 6 (Dftfflm t <Dm<Dm?$W* circumference surface of the taper tube 40 and 
otT*t»^ 4 3<DT the taper connecting pipe 41 and the outer 
SFIn4 5^b»i*Hl^ix circumferential surfaces of the preform for 
£ o optical fibres 33 and the optical fibre 46. 

It is released outside a furnace from the 
lower-end opening 45 of a nozzle 43. 



[0 0 4 0] 



<5 



tf-^f4 o if-^i 



4 1 ^^m^3z-Cfc^J-*5lt 

ft<»5^*^ n^4 

3 Srft^l^W-* 5 # & P & 2 

$ b UlflF'frW 3 4 ©rtHS: 9 0 
mm tdtS^U S1^4.5mm 
fcftofcft:7 7'f '^fl^ 3 

^3 2l!lMt57 1 -^f4 0 



[0040] 

In order to investigate the effect of this invention 
here, while the dimension shape of an internal- 
circumference surface in the condition of having 
assembled the taper tube 40 and the taper 
connecting pipe 41 in the Example shown in a 
diagram 2 is set equal to the dimension shape 
of an internal-circumference surface in the 
condition of having assembled the previous 
second taper part 26 and the extended tube 17 
in a previous Example, a nozzle 43 is set into 
the dimension shape equal to the nozzle 20 in a 
previous Example. 

Furthermore the bore of a furnace core tube 34 
is set as 90 mm. 

The vertical position of the taper tube 40 
opposing to a furnace body 32 is set so that the 
part fused by heating of the preform for optical 
fibres 33 whose diameter was set to 4.5 mm 
may be opposite to the upper end of the taper 
tube 40. 
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Vtz.m&\^ft 2 0 Using helium gas as an inert gas, it supplies at 

y y h/wt«5J:54ffl^tft a proportion of 20 litre/minute when this is 

jf&1-5 t mzWMfc 7 2 mm <D converted by the standard condition of 0 degree 

%yr<< 1 3 **b\£& C and one atmospheric pressure. And also the 

^12 5/im^7r^/<4 6 optical fibre 46 whose diameter 125 

i£Wxt 6 0 0 m^f^-CB^I # micrometres was drown at a proportion of 600 

u ^ Co m /minute from the preform for optical fibres 13 

whose diameter is 72 mm. 



[0 0 4 1 ] [0041] 

sffe®iJf*<Dm5 In this case, it was adjusted by the flow 
O o /o ^f-^f 4 0rt?rlot regulating valve assembled in the gas 
p^4 3 ©T»P4 5 frbP receptacle 37 and not illustrated so that about 
^Mffi-T 5 £ 0 50% of an inert gas might flow out of the lower- 

p 3 l\zM*httttKM^^ f ^ s end opening 45 of a nozzle 43 outside a 
«EiWBfi#t- * o x ^ bfc ° furnace through the inside of the taper tube 40. 
^ l^-C, "r— 4 0 <£>±8&j&> And, when temperature of the inert gas in C 
h 1 0 0 mm TJ><DC^ *3 J: point 100 mm lower part than the upper end of 
t/^C^b4 8 0 mm T2f the taper tube 40, and D point which exist 480 
^ d>0 ^-^f 4 mm lower part than these C point, and 20 mm 

SS-Cjfc £ P & 4 3 <D±» <b 2 upper part from the upper end of the nozzle 43 
0 mm ±33\z.mm.'*% which is the lower end of the taper connecting 

5 *i?H4#* ©fiS SrS'J^ L Pipe 41 , was measured, they were respectively 
t~b^h. Ziti^fr 1 6 3 0 °C, 1630 degrees C and 830 degrees C. 
8 3 Ottfcofc. £7c, &3I Moreover, the outer diameter of the optical 
gStilzytyrJ'** 6<Dft& fibre 46 which was drawn was 125 (+/-) 0.1 
ft, 125 + 0. l»mk%t> micrometre and was able to be stored in a very 
#>-C4>ftv^tMgl-iK£> 5 - £ narrow fluctuation width. 

[0 0 4 2] [0042] 

ft*3, <75ffl*3S 3 <7?Sb^: In addition, in order to confirm the effect of 

fctek-TSfc:*, @ 2 Ihtj* b/c Claim 3 of this invention, when the optical fibre 

/^ff 4 0 <D±.frh4 0 mm 46 was drawn, using what was cut into 40 mm 

$J»r Vfz.t>o&tiim 7 from the taper tube 40 shown in diagram 2, the 

«f/<4 6 Uct r 5, outer diameter was 125 (+/-) 0.2-0.3 micrometre 
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^(DfW&ltl 2 5±0. 2~0. and it was found out that fluctuation width 

3/im {z.^Witf&ft^jzt 5 - £ increased. 

/^¥ijofco dtf^-a^T 1 Moreover, the diameter of the heat melting 

4 o (D_k$S £ Mfti"^ part of the preform for optical fibres 33 opposite 

7 7 s(/<m&ft3 3 <Dtom&ML to the upper end of the taper tube 40 in this 

§15(7) E^fi 2 mm X'fc5 0 case is 2 mm. 

[0 0 4 3] [0043] 



[^m<D^] [EFFECT OF THE INVENTION] 

&mfllz£Z>h. %7t4'*T& According to this invention, since the part fused 

m^^m^kW^^^:^ by heating of the preform for optical fibres and 
y-ft<D%7 r 4 ^*:WiS7-— the taper tube surrounding the optical fibre of 

W^TiR'JfS ifl*l#<D/h £ < Wife the lower part are set so that they may have a 

U r. (nl^MfikW^ t "r—y< bore made smaller nearer the lower side, and 

i g<DSHfflffib<Dffl<D'fffi&Jf* And the flow of the inert gas may become 

(Dffi,ti%#fc&"&Z> <fc 5 l-bfc stable between this part fused by heating and 

<Z)"C\ <fe§l# $tt53t7T^^ the internal-circumference surface of a taper 

<Dfi\-&£Wl&1£&V>t>(0& «9 & tube, the fluctuations in the outer-diameter of 

WftiJi-S- i:^tr#3o an optical fibre which was drawn can be 

suppressed more than from the conventional. 

mmvmmtmm [BRIEF EXPLANATION OF DRAWINGS] 



[HI] [FIGURE 1] 

*^tj;63t77^/^l^ It is a sectional drawing showing the schematic 

<Z5— ^ffi#J<DflSlfc#jt&SH-»r structure of one Example of the optical-fibre 

Bm-efoSo wire-drawing furnace by this invention. 

[H2] [FIGURE 2] 

;$35Mte. £.Z>J£7 7^s<W$\'fii It is a sectional drawing showing the schematic 

<D{&<D%Mm<DMV&W&&M-t structure of the other Example of the optical- 

8riSI2"C*>5o fibre wire-drawing furnace by this invention. 
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[@3] [FIGURE 3] 

^k(D%V r -f ^f&^PV—ffl It is a sectional drawing showing the schematic 

c7D$£|il&fft5£ : £^i~$r®E]''?£> structure of an example of a conventional 

5 o optical-fibre wire-drawing furnace. 

m^(Dmn ] [EXPLANATION OF DRAWING] 
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